iae; mat1 on chromosome II in S. pombe). Mating-type switching is initiated by a double-strand break at the mating-type locus, which is healed by gene conversion that replaces the mating information at the mating-type locus with the opposite mating information present at James R. Broach* Department of Molecular Biology Princeton University Princeton, New Jersey 08558 either of two silent donor loci. For S. cerevisiae, these silent loci (HML and HMR) are located at the opposite Summary ends of chromosome III (180 kb and 90 kb, respectively, away from MAT), whereas in S. pombe, the two silent Schizosaccharomyces pombe has the remarkable poloci (mat2 and mat3) are located 15 kb and 26 kb to one tential to switch mating type as often as every generaside of mat1 (Figure 1) . In both organisms, the silent loci tion, through selective interaction of an expressor loare maintained in a transcriptionally inactive state as a cus with either of two transcriptionally silent donor result of heterochromatin encompassing both of the loci. with no apparent switch in mating type. Therefore, the Understanding how a cell faithfully executes these sefact that cells switch mating type most of the time demlective, long-range interactions is therefore critical in onstrates that donor selection is not random. Rather, understanding developmental programming. In a recent the mating type of a cell must dictate which locus it report, Shiv Grewal and colleagues (Jia et al., 2004) prefers as donor. In other words, an M cell preferentially describe from their study of mating-type switching in uses mat2 as donor and a P cell preferentially uses mat3. Schizosaccharomyces pombe results that suggest one This rule, in conjunction with the fact that P information means by which such selective interactions can be normally resides at mat2 and M information at mat3, achieved.
Figure 1. Donor Preference in Mating-Type Switching in Yeasts
(A) Diagram of chromosome III of S. cerevisiae indicating the relative positions of the donor loci, HML and HMR, MAT locus, and the recombination enhancer, RE. HML and HMR are transcriptionally silent, indicated by the hatched lines, while MAT is transcriptionally active, giving rise to the mating type of the cell (␣ mating allele is blue, a mating allele is pink). In a cells (upper line), Mcm1 (brown circle) and Fkh1 (green oval), a forkhead transcription factor, occupy RE and promote enhanced recombination potential (gray cloud) extending over HML, rendering it the preferred donor during mating-type switching and resulting in conversion from MATa to MAT␣. In ␣ cells (lower line), ␣2 protein (red oval) binds to RE, precluding occupation by Fkh1, to suppress enhanced recombination potential, rendering HMR the preferred donor through RE-independent mechanisms and resulting in conversion from MAT␣ to MATa. (B) Diagram of the mating region of chromosome II in S. pombe indicating the relative positions of the transcriptionally silent donor loci, ma2 and mat3, the recombination enhancer, SRE, and the mat1 locus, whose allele dictates the mating type of the cell (P mating allele is pink, M mating allele is blue). In P cells, recombination-associated proteins (gray cloud) loaded through the SRE render mat3 the preferred donor, whereas in M cells the extension of these proteins over both donor loci in conjunction with enhanced accessibility of mat2 render mat2 the preferred donor (see text). Accordingly, sequences lying on the left arm participate but also for heterochromatin formation over the donor loci. This result had been invoked to suggest that spatial in double-strand break-initiated mating-type conversion, as well as general mitotic recombination between organization of the three loci promoted by heterochromatin formation contributed to donor selection (Thon heteroalleles, at rates 5-to 30-fold higher in a cells than in ␣ cells in an RE-dependent fashion. In ␣ cells, the RE and Klar, 1993). Further studies have shown that Swi5 forms a complex with Rhp51, the S. the distribution of these recombination-associated proteins over the donor loci provided an obvious answer date components have been identified and, except for RE itself, the chromatin structure over the left arm is to at least part of the question of donor preference: a protein complex implicated in recombination localizes identical in a and ␣ cells.
Results from Grewal and colleagues suggest a crediin P strains only adjacent to mat3, the preferred donor in P strains. In M strains, this protein complex localizes ble mechanism for donor selection in S. pombe that goes beyond what we know from S. cerevisiae. Previous not only to mat3 but also to mat2, the preferred donor in this background. Thus, the mating type-dependent work identified a number of genes, termed swi genes, required for efficient mating-type switching in S. pombe distribution over the donor loci of critical components in donor preference provides the basis for a mechanistic (Egel et al., 1984). These genes were organized into three groups on the basis of subsequent molecular analysis: model for selection bias. So, how is this differential pattern of protein localizathose that were required for formation of the doublestand break at mat1, those that were required for resolution established? To address this question, Grewal and colleagues probed the genetic dependencies for estabtion of the recombination intermediate and those-swi2, swi5, and swi6-required for proper selection of the lishing this particular pattern. They observed that (1) localization of Swi5 to this region was dependent on appropriate donor locus. Molecular studies subsequently showed that swi6 has homology to mammalian the presence of Swi2, regardless of mating type; (2) localization of Swi2 across the mat2-mat3 domain in M HP1 and is required not only for proper donor selection cells depended on the presence of Swi6, which had of either swi2 or the SRE yields random selection of mat2 or mat3 as donor. Since Swi6 is required for Swi2 previously been shown both to localize to this same region and to interact with Swi2; Swi6 binding to this spreading across the mat2-mat3 domain, the requirement for Swi6 in donor preference might have been region did not depend on Swi2; (3) localization of Swi2 (and Swi5) in P strains to the region adjacent to mat3 solely its role in delivering Swi2 to the mat2 locus. The fact that the swi6 mutation exhibits a synthetic phenooccurs independently of Swi6 but depends on the presence of the 450 bp sequence immediately adjacent to type with a swi2 deletion, rather than simply exhibiting the same donor phenotype as the swi2 deletion, sugmat3, which these investigators termed the Swi2-dependent recombination enhancer (SRE); (4) deletion gests that Swi6 plays a role in donor preference in addition to promoting spread of Swi2. of SRE completely eliminated Swi2 from the mat2-mat3 region in M and P strains. These results are consistent These results can be summarized in the model shown in Figure 3 , which posits dual complementary roles for with a model in which Swi2 enters the donor locus region through the SRE and in an M background spreads along heterochromatin in establishing donor preference in S. pombe. First, Swi6, as a component of the heterothe heterochromatic domain through an interaction with Swi6. In a P background, Swi2 still binds to the SRE chromatin completely covering the mat2-mat3 region, provides a binding partner for Swi2, allowing it to spread but, for some as yet undetermined reason, does not spread toward mat2 (Figure 2) . Localization of Swi5 proto the mat2 locus in a mating type-dependent manner from its entry sites adjacent to mat3. Second, heterotein follows Swi2, so that in P strains Swi5 resides only adjacent to mat3 whereas in M strains it resides at both chromatin per se participates in formation of a secondary structure of the chromosome that renders mat2 mat2 and mat3. The dependence on SRE for initial binding of Swi2 may explain why Swi2 is not found at centrointrinsically more accessible to recombination with mat1 than is mat3. Accordingly, in a wild-type P strain the meres, even though Swi6 resides at these regions.
Genetic analysis of the roles of these various elements presence of the recombination complex solely adjacent to mat3 renders it the preferred donor locus. In an M confirmed their importance in donor selection and honed the current model for donor preference (Figure strain, the recombination complex resides at both donor loci, so preference is dictated by the heterochromatin 3). Deletion of swi2 or the SRE results in preferential use of mat2 as donor whereas mutation of swi6 results in structure that renders mat2 more accessible. While this hypothetical structure depends on Swi6, the nature of preferential use of mat3. Mutation of swi6 and deletion 1 and 2) . Recent observations suggest that donor preference is achieved through the cooperative effect of two processes, the first being a Swi6-dependent organization of the donor loci rendering mat2 more accessible as donor than mat3 and the second being the Swi2/SRE-dependent entry of a recombination complex adjacent to mat3 and the Swi6 and mating type M-dependent spreading of that complex to mat2. regulators prevent spreading of Swi2/Swi5 or whether M mating regulators promote spreading that would otherwise not occur. In addition, while Swi5 has been shown to interact with components of the recombination machinery, Grewal and colleagues were unable to document enhanced localization of the recombination complex to mat2 or mat3. So, while the model presented in Figure 3 is compelling, the actual cell type-specific recruitment of the recombination complex to the donor loci has yet to be demonstrated. This may be a technical issue or the interaction may be too transient to be captured by chromatin immunoprecipitation. Similarly, we do not yet know whether the SRE functions as a recombination enhancer in the sense of promoting a general increase in recombination potential in its vicinity or whether it is specific for the mating loci.
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While these results provide guidance in understanding similar problems in other organisms, the model does not apply directly to other systems. For instance, we know that the RE in S. cerevisiae is not linked directly to either donor locus through a continuous block of heterochromatin nor do the protein components known to bind to the RE also associate with the donor loci. Nonetheless, this work suggests that a cell type-specific enrichment of a recombination-promoting complex at one donor locus or the other, perhaps promoted by selective entry through the RE, is a reasonable consideration for further exploration in S. cerevisiae. Similarly, the broader implication that temporal, or cell type-specific, deposition of specific regulatory components could mark which of several targets is the correct one could be applicable in the developmental programs described above. In fact, data consistent with such a model in ␤-globin activation have recently emerged (Drissen  et al., 2004) . So, the results presented by Grewal and colleagues provide not only an elegant solution to an intriguing problem but also a paradigm for long-range interactions associated with development in a variety of settings.
